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I ntroduction

The frictionless exchange of information
is the primay caadys behind the
explosve growth of the Internet, e-mail,
home computer use, and other hdlmarks
of the “new” economy. The demand for
more information, however, is not
limited to the “new” economy. In fact,
modern  manufacturers  are consuming
information technology (IT) products at
ever increesng raes, dgnding a
trandformation in the way they interact
with their cusomers and each other.
This shift from mass production, where
consumer preferences were aggregated,
IS giving way to a new era of distributed
product desgn and  engineering,
networked supply chains, and consumer
demand for customizable solutions. In
ths new ea the manufacturing
enteprise is more flexible more
efficent, and more reponsve to
changes in cusomer preferences than
ever before.

The key to achieving this flexibility,
eficency, and  responsvenes IS
information.  In fact, it can be smply
defined as ready access to the right
information by the right person a the
right time.  Despite the advances in
information and communicaions
technologies, the ahility to achieve the
levds of flexibility, effidency, and
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responsveness required to exploit the
full potentid of this integraion of
manufacturing and information
technology has not been redized.

As part of its research into the sources of
manufecturing’'s  dynamic  performance
over the last decade, the Nationa
Caodition for Advanced Manufacturing
(NACFAM)  highlighted an  often
overlooked and misunderstood barrier to
this integration, a lack of software
interoperability.* If the god of
integrating IT and manufacturing is to be
achieved, information mugst be able to
flow seamlesdy from location to
location without loss or corruption of
content.  This will become more critica
as vaue-cregting business processes call
foo the exchange of increesngly
complex information.

Today's software and IT sysems fdl
short of this god. Key pats of
transmissons ae lost or gabled,
requiring manua reentry of log
information or erors reslting  from
proceeding with incomplete or incorrect
data. Incompatibilities  between
programs prevent usars from shaing
files unless they ae usng the same
software requiring the recregtion of data
files in new formats if different sysgems
ae used. These examples ae
illugrations of the broader isue -
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imperfect interoperability among
software systems used by manufacturers.

To explore this issue more clealy,
NACFAM undertook a sudy of the
automotive and aerospace manufacturing
sectors to discern the implications of the
interoperability chdlenge, the levd of
corporate consciousness of the problem,
and to solicit views on pathways toward
drategies and solutions.

Manufacturing in the 21% Century
Economy

A fird gep toward underganding the
scope of the issue and devisng solutions
to observable problems is to recognize
that manufacturing has changed. The
“new production enterpriss’ is more
than a new assembly process — it
represents a spectrum of activity dl the
way from research and desgn through
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digribution and marketing (see Fgure
1).

For decades, the dominant
manufacturing modd was based on
principles of mass production (see
Figure 2). Standardized parts and
processes made economies of scae
achievable, but limited desgn flexibility
and cugomization. The outsourcing and
leen manufacturing movements of the
1980s and 1990s drove the emergence of
a new paadigm, termed the Qudity
Management ea on  Figure 2
Manufecturing  companies,  particularly
large origind equipment manufacturers
(CEMs), focused on reducing interna
cods by hifting non-core functions
outsde  of  ther  organizaion.?
Outsourcing  shifts criticd  dements  of
the design and production process onto a
manufecturers  supply chain.  The lean
menufecturing movement  places a
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premium on time add inventory indugtrid sectors have followed suit. Al
reduction. Combining these two face consumer pressures for greater

atributes of the Qudlity era suggedts a
vay diffeeent busness modd  for
menufecturing — enterprise integration or
e-manufacturing.

In the e-manufacturing era, companies
will be adle to exchange information of
al types with their suppliers a the speed
of lightt Dedgn cyde times and inter-
company costs of  manufacturing
complex  products  will implode.
Information on desgn flavs will be
ingantly trangmitted from repar shops
to manufacturers and their supply chains.

In conjunction with the hift to an
enterprise modd, pressures for reduced
design time, incressed production Speed,
and enhanced cugomization continue
unabated. The automotive indudry is
working toward a 12-month god for
desgn of a new vehicle program, down
from 30-months presently. Aerospace
has st amilar gods for itsdf and other
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customization without
functiondity and performance.

sacrifidng

This trandformation of the enterprise
coincides with the increesng content of
informetion contained in products and
processes. The new production
enterprise is informationtrich.

The ability to exchange information and
automate manufacturing processes are
two of the building blocks of the virtud
manufacturing companies of the near
fuure.  Company dfter company has
redized that huge savings ae to be
found from knowing exactly where each
widget is in the manufacturing process.
These benefits are not limited to the
private sector. The nation has benefited
greatly from the productivity gans
derived from IT invesments of U.S
manufacturers®
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Information Exchangesin Manufacturing
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However, more and more companies are
faced with cusomers with ever-greater
quaity requirements and ever-tighter
ddivery requirements  This demands
oeed, flexibility, and responsveness on
the pat of manufacturers.  Without
automation and sophigticated controls
customer needs can not be met. It dso
demands grester collaboration and
cooperdtion not only within a company
but across company boundaries as well.
Like the information economy, the new
production enterprise is a network that

shares experience, knowledge, and
cgpabilities It is citicd in this new
ewvironment  for a  manufacturing
company to be able to efficiently tep
these knowledge and  information
networks.

The Information Backbone

When the manufecturing enterprise is
viewed in tems of its functiond
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components, the dgnificance of the
information flows and ther integraion
into business processes becomes clearer.
Three types of information exchange are
evident within asingle organization:

o Informaion is exchanged within
a gpecific function;

o Information IS exchanged
between functions to address
issues raised by specific business
processes,

o Information IS exchanged
between business processes.

Fgure 3 offers a ampligic, but useful
depiction, of the interconnections
between business processes, functiona
activitiess, and the need to shae
information across a supply chain.



Virtudly dl manufecturing companies
share a set of common functions, such as
R&D, production, qudity contradl,
logigics, and so forth.  Within each
function, sysems must be in place 0
information can  be shaed and
exchanged.  These common functions
ae connected virtudly by busness
processes that are related to product
flow. Customer rdationships, demand
management, and product development,
for example, are cross-cutting activities
that link the functiond of the production
enterprise. . Consequently, each function
must be able to communicate with other
functions ufficiently to make
appropriate decisons.

These exchanges range from product
development or design issues dl the way
through customer relationship
management.  These information types
ae obvioudy different, but each s
related to the others. For example, the
unique attributes of a particular product
will have an impact on the schedule of
the production process, the type of
materids that have to be ordered, when
they have to arive a the production
fadility, and the scheduling of the actud
assembly or production process.

Information exchange processes are
complex enough within  a dgngle
enterprise, but become more so when
suppliers, digtributors, and customers are
added*® A menufacturing OEM  wiill
routinedy share product desgns and
order schedules with their suppliers and
expect gmilar informaion in  return.
Increased  demand for  customized
products means  that consumer
preferences in design of a product have
to be communicated to the operationa
dements to make the appropriate
changes in design, schedules, orders, and
production. Systems must be in place to
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reconcile the find product agang the
design and the changes to ensure that the
delivered product meets specifications,
isoperable, and is safe.

As linkages with suppliers become more
citicd, the need to  exchange
information without fear of logt data or
mistakes increases.  Many manufacturers
have turned to advanced software
systems to manage these complex needs.
Despite the high levd of functiondity in
this software, the seamless exchange of
data often remans an dusve god.
Manud re-entry remains commonplace,
even a the largest corporations, and
human eror and other mistakes are
prevaent, adding time, cost, and risk to
product development and production.

The growth of enterprise integration will
only compound this isse. Over the next
two to five years, enterprise integration
will  occur & increedng rates in
manufacturing upply chans.
Invesments in informaion technology
drive this trandformation. In the 1990s,
manufacturing companies invested
hundreds of billions in new sysems and
software.  In 1996 alone, an estimated
$47 hbillion was spent by manufacturers
on IT, including desktop computers,
robotics, and <oftware for  design,
enterprise . resource  planning,  and
productivity. In 1997, u.S
manufacturers purchased more than $6
billion in software services®

Integration costs drive these estimates
even higher. Inddling a new computer
sysem or piece of software costs more
than the product itsdlf. For example, the
cost of software integration has been
estimated to be between $1-5 for every
$1 of software purchased.  Modern
manufacturing processes have srong IT
components, meaning the codts of



integrating process technology
invesments will rise precipitoudy.

Yet, there ae limits to the extent to
which cusomers and suppliers can
exchange dedgn, engineering, and
manufacturing data The sysems ae
complicated and data is formatted and
mantaned in thousands of different
ways. Outsourcing,  cooperation,
collaboration, and investments in new IT
systems only compound this problem by
ingxting new usars with diginct or
unique sysems into an dready complex
environmen.

The Inter oper ability Problem

The IT-intengty of modern informeation
based manufacturing and  engineering
sydems and manufacturing  equipment
ironicaly complicates their ability to
exploit the full bendfit of these
invesments.

The problem is twofold. The fird is the
corruption or loss of data between
nomindly compaible or incompetible
software systems.  The second is the
high cos of integrating software and

hardware components into
manufacturing equipment and
enterprises. The ultimate god is

complete interoperability, which is the
seamless high-fiddity exchange of daa
between different systems, without any
loss or corruption.

The costs of interoperability are
daggering.  An internd sudy from a
maor automobile manufacturer recently
reveded that a lack of interoperability is
coging them between $200 million and
$400 million per vehide program.
According to a recent study of product
data exchange in the automotive sector,
the indbility to effidently exchange
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product data through the automotive
supply chan done consarvatively codts
the industry $1 billion per year.® Similar
edimates are avalable in the aerospace
sector. In both indudries officids
clearly believe the red cods of
interoperability are much higher.”

Additionally, these costs are particularly
pernicious because they frequently are
borne by those least prepared to ded
with them: gmdl- and medium-szed
manufacturers (SMES). There are more
than 300,000 in the U.S. done and they
hold the key to the efficient operation of
the new manufacturing  enterprise
Americals lagest companies  have
outsourced critical design, production,
and resource requirements to them. To
take advantage of this new opportunity,
SMEs made huge investments in IT and
software s0 they could work more
cosly with ther larger patnes. If
these companies work for more than one
large OEM, they often have to maintan
redundant and costly software packages
in order to communicate with their
customers. In this way, the lage
manufacturing companies have pushed
cods onto SMEs by encouraging their
suppliers to “standardize” around their
preferred software systems.

The issue a hand is more than just cost
svings for indusry. The nation loses
ggnificant  opportunities if the gods of
flexibility, efficency, and
responsiveness are not attained.  New
products and services that would
enhance qudity of life may not be
produced.  Productivity gains are log,
with a related loss of increased standards
of living. Market opportunities are
ceded to foreign competition.
Employment gains, wage growth, and
new busness dat-ups are dl placed in
jeopardy.



Figure4
Alter native Solution Pathways
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Developing a Framework for Action

The issue has not gone unrecognized.
Indeed, many have spent countless hours
working toward solutions. The market,
sendng an opportunity for profit, is fast
developing products to fill the void.
What is under appreciated and, hence,
where the danger lies, is the lack of
sysematic evauation of the implications
of the different pathways toward the
future.

Figure 4 offers a very smpligic view of
the broad choices that face the nation in
this aea The present dStuation is
chaacterized by dngle  software
goplications that frequently do not
interoperate  with  other pieces of
software. Integrated applications or
ites are emerging daly. These slites
offer the most Imple solution to daa
exchange problems — the glite is
interoperable between its own
components. Unfortunately, this is
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hady a solution. One would dill
encounter problems sharing information
with those who do not use the same
integrated package that you use.

In contrast, a system resting on a more
open  achitecture would fadllitate
exchanges between dngle or integrated
gpplications because they would share a
“basg” on which product differentiation
could thrivee  The Internet, with its
TCP/IP protocol, is a prime example of
the possihilities of such amode.

Much has been sad and written about
the power of XML (extensble Markup
Language) to serve as a solution to the
interoperability problem.  Indeed, XML
is a powerful tool and one that clearly
faciliies the exchange of information,
but even XML requires agreement on a
“basg” of information to operate
effectivdy.? The “base” refers to
agreement on sats of wel-defined and
commonly-accepted definitions.



Recommendations

Leadership is needed to drive solutions.
There is litle quedion that the
interoperability problem is a dgnificant
one. It consumes tremendous resources
that could be more productively
deployed dsewhere. It inhibits the
achievement of broad corporate and
nationa gods. It jeopardizes qudity and
safety of manufactured products by
dlowing eror to persg in the desgn
and production process.

While there is agreement on the nature
of the problem, there is little consensus
on what should be done to solve it. The
lack of consensus aises  from
misperception of gods and incentives
among the various stakeholders working
on solutions. Didogue and leadership
can bridge that gap.

The responghility to provide leadership
is shared by dl concerned stakeholders —
indugtry, software _companies,  sysem
integrators, and  even the federd

government.

NACFAM’s survey of two leading
manufacturing sectors leaves little doubt
that industry is the pivotd player. As
consumers of software sysems, the
leaders of the manufacturing community
must come to appreciate the sgnificance
and scope of the interoperability
problem as an unnecessary cost to their
companies and as a barrier to achieving
their  corporate  objectives. This
redizaion will encourage change in
market behavior and affect the character
of products.

Manufacturing companies acting aone
will not solve this problem.  Software
companies and sysem integrators are
equdly important for they must
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ultimately desgn interoperable software
and systems. These companies both lead
and follow the market. They lead in the
sense that ther innovative product idess
can  revolutionize  organizations  and
operations.  But, they aso react to
pressures from the marketplace and
important customers.

If redization, understanding, and market
demand are sufficient to generate market
solutions, then the problem is eadly
solved.  Unfortunatdly, the nature of the
interoperability  problem is  more
complex because it requires agreement
on cetan common principles and
features before truly  interoperable
solutions can emerge. This, in turn,
requires a mechanism to convene the
right decison makers to produce the

necessary agreemen.

To date, this role has been filled by
industry-oriented  organizations, such as
the Automotive Industry Action Group
(AIAG), or standards-developing
consortia, such as PDES, Inc. Despite
ther efforts, these groups smply have
not had the resources or support to
broker solutions fast enough to suit the
demands of indusry, who themsdves
are subjected to market conditions and
international pressures that change at an
ever quickening pace, nor
comprehensve enough to put robust
solutionsin placefor dl U.S. indudtry.

The feded govenment offes a
different kind of leadership. It leads as a
convener, a consensus-builder, an
objective facilitator, and an arbitrator.
Government cannot and should not force
the development of gpecific solutions.
To be effective, solutions must first have
the trust and acceptance of the indudrid
and software  communities  Through
concerted action and dedicated €ffort,
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Figure5
Roles and Responsibilities
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government can acceerate the pace of
change and encourage the deploymert of
solutions.

Figure 5 summarizes the roles and
responghilities for manufacturers,
software companies and  system
integrators, and the government that
emerged out of NACFAM’s
conversations  with  representatives  of
those communities®  These roles are
suggedtive. Each requires additiond
andyds and evduaion before definitive
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conclusions can be drawn. Nevertheess,
they are the suggestions of an informed
community and  desarve  serious
congderation.

The theme running throughout the roles
is one of communicaion and
understanding. Solutions  will  only
emerge after stakeholders agree to work
together to identify more clearly where
consensus is necessary and to demarcate
roles and responghilities.

10




Government can fecilitete this
conversation. They are the only party
that can effectively leverage an informed
nationad didogue, crossng industry and
geographic  boundaries. Lacking a
preference for one solution pathway over
another, they are so aneutra convener.

Consequently,  this  survey  supports
gfforts by the federd government to
convene _medings a the natond and
industry-specific levels to  address this
isue. Industry ~ should  attend,
paticipate, and build on the outcomes of
those gatherings as  should  software
companies _and  sydems integrators.
When agreements  are  reached, the
private sector should aggressvely move
to implement and adopt the results.

Rdated to this is a cal for industry to
support efforts dready underway in ther
sectors to develop common frameworks
on interoperability needs. Not 4l
manufacturing  sectors  have  advanced
such efforts, but those that have should
exploit the work that has already been
done’®  These discussons will begin
devdoping the common st of
assumptions, definitions, and agreements
that are necessary for solutions to
emerge. Government can ad these
efforts by seving as a convener,
technicadl advisor, and insrument to
build on the work of other indudrid
sectors.

Paticipants from both industries agreed
that the international aspects of this issue
demand an active participatory role for
the federd government. Standards
developments overseas have enormous
impact on the US  economy
domedticdly as well as the operaions of
US multinationas. In order to
represent the interests of the United
States  effectivdly overseas, government
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must engage the indudtrid and software
communities to  undestand  and
appreciate their needs and concerns.
This leaning process is intimaedy
linked to the need for didogue and
discusson.

Numerous roles were advanced to
facilitate the technica work needed to
support  solution  development.  Some
representatives of the automotive and
aerospace indudtries, as well as software
companies, embraced the idea that the
government could develop methods (or
tool-kits) to assess the extent of
interoperability problems a smdl- and
medium-sized companies™ Others
suggested the government could help
develop and vdidate methods for use by
others in evduding the dams of
software packages.

Some paticipants cdled for more
aggressve steps by both government and
industry to encourage the deployment of
new software sysems with interoperable
capabiliies  Representatives from  the
aerogpace industry mentioned the
influence of government's procurement
power on their indusry.’?>  Government
requirements for the submisson of
desgns and specifications on a military
arcraft, for example,  oftentimes
discourage the deployment of advanced
oftware sysems. Smilarly, in both the
automotive and aerospace  Sectors,
meseting regulatory requirements
frequently involves the trangmisson of
large volumes of data to the government
in specified formats, these formats serve
as a disncentive to the migration to new
systems’®  Changes in procurement
rules, regulations, or tax policy to speed
the purchase and deployment of
advanced software systems would have
dggnificant  influence  on  corporae
decison-making, some suggested.
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Conclusion

The interoperability chdlenge will not
be overcome quickly, but dgnificant
progress can be made if the public and
private sector work together toward
common solutions.

NACFAM’s survey of  corporate
atitudes in  the adtomotive and
aerospace  sectors  reveals fundamental
agreement on severd basc  points,
induding:

0o Interoperability is recognized as
a problem by involved decison
makers in the private sector, but
there is a low gppreciation for its
impact by high-levd decison

makers,

a The costs of imperfect
interoperability ae  woefully
understated by present estimates,

o Faling to devise solutions will
disupt the achievement of broad

corporate and national
objectives, and

o Industry-led solutions ae
needed, but government s
esentid to  fadlitating  the
didogue that will produce those
solutions. This  involves
substantia effort and

commitment by government to
bring sakeholders together and
provide  necessary  technicdl

expertise.

The broad concluson is quite clear —
The government can be a leader, but it
cannot mandate solutions. The process
suggested in NACFAM’s  Smart
Progperity and reinforced by medtings
with leaders from the automotive and
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aerogpace sectors is one of stakeholder
involvement and  consensus-building.
The public sector can guide and
facilitate, but the private sector mugt
paticipate and, ultimady, commit to
solutions.
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